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本研究选取厦门岛城区洪文空气质量监测点（一般趋势点），于 2010 年 9 月
至 2011 年 8 月进行为期一年的监测，通过对厦门岛灰霾与非灰霾期间大气 PM2.5
以及 PM2.5 中的水溶性离子、元素碳（Elemental Carbon, EC）、有机碳（Organic 
Carbon, OC）和无机元素的污染水平、季节变化特征、灰霾与非灰霾期的差异特
征等深入分析，并结合气象条件和 NOAA 逆轨迹图，运用因子分析法（Factor 
Analysis, FA）和化学质量平衡法（Chemical Mass Balances，CMB）对不同时期
大气 PM2.5 的污染来源和贡献率进行了研究，同时进行了灰霾预报的初步探讨。
主要获得如下结论： 
1. 厦门岛受典型的东亚季风气候影响，大气 PM2.5 及 PM2.5 中水溶性离子总














（Primary OC, POC）的增长幅度仍然要高于 SOC，对灰霾的形成有较大贡献。
灰霾期间，典型地壳元素 Ca、Na、Mg、Al 的浓度无明显增加，人为污染元素

















3. 质量平衡构成显示，有机质（OM）、土壤尘和硫酸盐均为厦门岛 PM2.5 中
含量较高的组分，三种组分共占 PM2.5 质量浓度的 50%以上。OM、EC 和二次离
子在灰霾期间的百分含量均高于非灰霾天气，显示出这三种组分对灰霾形成的重
要贡献。 
4. 厦门岛不同时期大气 PM2.5 的主要稳定来源为交通源（18%～38%）、硫酸
盐（12%～30%）和石材加工尘（12%～29%），三者对 PM2.5 的总贡献率达 54%～
77%；煤烟尘也是非常重要的来源，但其对 PM2.5 的贡献受东北季风条件下外来



























Xiamen is the "National Environmental Protection Model City” and famous 
tourist city. In the past 60 years, the haze days had an increasing trend in Xiamen city, 
especially increased by leaps and bounds after 2003. Studying the chemical 
compositions and source apportionment of PM2.5 during haze and non-haze periods in 
Xiamen showed very important. 
In this study, PM2.5 samples were collectted from September, 2010 to August, 
2011 in Hongwen air quality monitoring site of Xiamen, and analyzed for 
water-soluble ions (WSI), organic carbon (OC), elemental carbon (EC) and inorganic 
elements (IE). It studied characteristic of chemical compositions, seasonal variation 
between haze and non-haze periods, and also discussed source apportionment of 
PM2.5 by factor analysis (FA), Chemical Mass Balance model (CMB 8.2) and 
Backward Trajectory analysis. The main conclusions are as follows: 
1. By the influence of East Asia monsoon climate, significant seasonal variations 
of PM2.5, total WSI, OC and EC were found in Xiamen with higher levels in winter 
and spring, low levels in summer. The concentration of IE showed unchangeable in 
autumn, winer and spring, but was higher than those in summer. The concentrations of 
PM2.5 and PM2.5–bound WSI, OC, EC and IE in Xiamen were obviously higher than 
many American and European cities, and a little lower than domestic mega cities. The 
fine particulate pollution in Xiamen becomes worse. 
2. In haze days, the concentrations of PM2.5 and chemical compositions were all 
increased significantly under certain weather conditions during haze days. Compared 




PM2.5 was increased in haze days and they tended to exit in aerosol in the form of 
NH4Cl, NH4NO3, (NH4)2SO4. PM2.5 in Xiamen was acidic in haze and non-haze days, 
but the acidity was slightly weaker in haze days for the increasing of NH4
+. More 
secondary organic carbon (SOC) was formed in haze days, but the increase rate of 
primary organic carbon (POC) was higher than SOC, POC played an important role in 
haze forming. In haze days, EC increased more than OC, the accumulation of primary 
pollutant EC maintained a major role in haze formation. The mass concentration and 















Br, Cr) had increased in haze days, but the concentration of crust elements (Ca, Na, 
Mg, Al) had no obvious increase, even reduced. The composition of inorganic 
elements was relatively small changes between haze and non-haze days, owing to no 
secondary formation for inorganic elements. 
3. The results of Mass Balance Constitutes Method indicated organic matter (OM), 
soil dust and sulphate were main component of PM2.5 in Xiamen, the mass percentage 
of them in PM2.5 reacded up to 50%. The percentage of OM, EC and secondry ions in 
PM2.5 were all higher in haze days, and they were one of the most critical influences 
on haze formation. 
4. The main stable sources of PM2.5 in different periods in Xiamen were traffic 
emission (18%～38%), sulphate (12%～30%) and stone processing dust (12%～29%). 
Soot dust was also the important source, but its contribution for PM2.5 was influenced 
by region input during the northeast monsoon season. Then, soil dust, ammonium 
salts, road dust, nitrates and building dust were also the significant source. Except for 
meteorological condition, higher contribution of traffic emission and soot dust for 
PM2.5 in winter led to haze occurring frequently. In summer haze days, the 
contribution rate of traffic emission for PM2.5 was far higher than that in non-haze 
days, which confirmed the rapid growth number of vehicles was the leading cause for 
a sharp increase in haze days. To reduce the occurrence of haze, it must start working 
on the emission control of motor vehicle. 
5. The major chemical composition for atmospheric light extinction coefficient 
(bext) in spring Xiamen was (NH4)2SO4, NH4NO3, organic matter and EC. The 
contribution of NH4NO3 to Bext increased significantly in haze periods, reflecting the 
greater influence of vehicle emissions for reducing visibility. This study proposed a 
viable solution to establish haze forecast system by numerical model and 
reconstructed light extinction coefficient equation.  
 
Keywords: PM2.5; haze; water-soluble ions; OC; EC; inorganic elements; source 
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于 10 km 的空气普遍混浊现象，使远处光亮物微带黄、红色，使黑暗物微带蓝色”。 
1995-1999 年，美国、欧洲和印度等国的 200 多位科学家在印度和印度洋开展
了一项国际大气科学试验（谭吉华，2007）。他们通过对飞机、船舶和卫星等携
























眼无法分辨的大量微粒，使水平能见度小于 10 km 的天气现象。但对其中微粒大
小并没有明确的界定，对它们的形态和组分也没有具体的说明。 
2010 年 1 月 20 日，中国气象局发布了关于灰霾的最新气象行业标准，该标




增加了 3 个辅助判定的指标：直径小于 2.5 μm 的气溶胶质量浓度（PM2.5）、直
径小于 1 μm 的气溶胶质量浓度（PM1）、气溶胶散射系数+气溶胶吸收系数
（Ks+Ka）；其对应的判定限值分别为：75 μg·m-3、65 μg·m-3、480 Mm-1。该标
准还明确规定了灰霾的预报等级，见下表： 
 
表 1.1 霾预报等级 
Table 1.1 Forecasting levels of haze 
等级 能见度（V）/km 服务描述 
轻微 5.0≤V＜10.0 轻微霾天气，无需特别防护 
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10 μm 的颗粒物由于惯性的作用，可以被鼻和呼吸道黏液排除，10 μm 以下的颗
粒物可进入鼻腔，7 μm 以下的颗粒物可进入咽喉，小于 2.5 μm 的颗粒物则可深
达肺泡并沉积，进而进入血液循环，可导致与心和肺功能障碍有关的疾病（王臻
等，2004）。人们在细粒子浓度较高的灰霾期间活动，健康势必受到影响。调查
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